SUMMARY
INTRODUCTION
Longevity of adult females is a trait with a significant effect on swine farm profitability (Hoge and Bate, 2011) and can be also considered as an important indicator of animal welfare (Fernandez de Sevilla et al., 2008) . Due to the importance, sow longevity has been the subject of several researches in relation with both productive (Yazdi et al., 2000a; Serenius and Stalder, 2004; Tarrés et al., 2006a) and morphological characters (Tarrés et al., 2006b) . Results of these studies have shown that long lifetime production and low culling rates in swine herds have substantial economic benefits that is the consequence of decreasing replacement costs and greater proportion of mature sows that have reached their maximum productivity (Hoge and Bates, 2011) .
Improving economic efficiency is good reasons to investigate what factors might contribute to opportunities to improve sow longevity. In the scientific literature several factors were examined how influence the sow's lifetime and thus the efficiency of sow's production. The most studies focused on the effect of genetics, nutrition, housing, season or management policies including breeding system, culling system and feeding program. Moreover researchers examined also the effect of several gilt's trait like age at first mating and farrowing, body condition, length of lactation etc. on sow longevity. The herdsman considers the sow's parity number, production, reproductive status, health status and herd structure when he decides that whether a sow will be removed (Engblom et al., 2008) . A better knowledge of these factors would be useful when providing practical recommendations for the management of sows in order to increase their productive lifetime.
Reliable breeding value estimation is a base for efficient selection for improving all economically important swine production traits. Alternatives for breeding value estimation of sow longevity can roughly be divided into two types. The first type uses different modifications of linear model analysis, whereas the second type uses survival analysis (Serenius and Stalder, 2004) . Ducrocq (1987) has proposed a general strategy based on survival analysis as an adequate method for the evaluation of the length of productive life measurements. This approach is able to manage for censored observations (the cases in which the event has not yet occurred or is not known to have occurred), non-normal distribution and model time-dependent effects.
In analysing survival data, two functions that are dependent on time are of particular interest: the survival function and the hazard function (Kaplan and Meier, 1958) . The survival function is defined as the probability of surviving at least to a given time. The hazard function is the conditional probability of removal (culling or death) at a given time having survived to that time. The log rank test is used to test whether there is a difference between the survival times of different groups but it does not allow other explanatory variables to be taken into account.
In particular, a semiparametric proportional hazards model (Cox, 1972) is usually used to investigate the influence of different covariates on the risk of removal. Cox model is analogous to a multiple regression model and enables the difference between survival times of different groups of sows to be tested while allowing for other factors. In this model, the response variable is the hazard. The hazard is the probability of removal given that sows have survived up to a given point in time, or the risk for removal at that moment.
The examination of sow longevity using survival analysis can be considered frequent in the scientific literature (Jorgensen and Sorensen, 1998; Brant et al., 1999; Yazdi et al., 2000b; Serenius and Stalder, 2004; Tarres et al., 2006ab; Engblom et al., 2008; Fernandez de Sevilla et al., 2009; Hoving et al., 2011) . Despite this fact, only very few Hungarian researchers have been dealing with survival analysis in pigs (Nagy et al., 2002; Balogh et al., 2015) .
The aim of this study was to provide a review of current scientific knowledge of factors influencing sow longevity and lifetime reproductive performance based on methodology of survival analysis.
DEFINITIONS OF SOWS LONGEVITY
The studies in the literature indicate that sow longevity is a complex trait, and even the definition of sow longevity is variable depending on the researcher and research objective. Some definitions are based more on production efficiency (lifetime piglets born alive per parity, annualized lifetime pigs weaned), while others are more time dependent (parity at removal, length of productive life).
generally, longevity is an example of time-to-event data, with time being the number of days (or other time unit) that a sow remains in the herd and the event being the removal (culling or death) from the herd. The productive lifetime can described as the length of time from some initial event like herd entry, first mating, first farrowing, etc. until the animals is culled from the herd or is a mortality. However, clear consensus has not been reached in the scientific literature regarding the definition of longevity. Ducrocq and Sölkner (1998) described that longevity of sows summarizes the effects of functional traits on the ability to delay involuntary culling. Yazdi et al. (2000b) , and Tarrés et al. (2003 considered longevity as number of days from first farrowing to removal from the herd. Similarly, Engblom et al. (2008) calculated the number of days between first farrowing and removal or termination of data collection, noted as productive life. other researcher (Rodriguez-zas et al., 2003) determined two indicators of sow longevity namely herd life and productive days. Herd life was defined as the total number of days from first service (regardless of success) until removal from the herd. While, productive days were calculated as the total number of days the sow gestated and lactated until removal from the herd. Same as definition of herd life, Fernandez de Sevilla et al. (2008) defined sow longevity as the time interval between the first fertile mating and culling or death. In addition, Sobczyńska et al. (2014) defined the length of productive life as the number of days between birth and last farrowing. Similarly, gou et al. (2001) calculated the length of productive life as number of days elapsed between the sow's herd entry date and the date of culling.
Definition of longevity based on production efficiency were determined as lifetime prolificacy. guo et al. (2001) defined lifetime prolificacy as the number of pigs born alive produced during the sow's life, whilst Serenius and Stalder (2004) considered as the total number of pigs produced in lifetime of a sow. others combined a measure of productivity into a continuous measure of time as pigs born alive per day of life (Holder et al., 1995) .
Six different definitions of longevity were developed by Hoge and Bates (2011) . Length of productive life was determined as the number of days from the date of first farrowing to the date of culling or censoring. Similarly, the lifespan of a sow was determined as the maximum parity she completed before removal. Lifetime prolificacy was determined as the number of piglets (born alive) produced during the length of productive life. Stayability has been defined as a binary trait measuring whether a sow has survived in a herd until some defined fixed parity or time. From this definition, 2 different discrete measures were determined using production-based thresholds. They were the ability of a sow to achieve 4 parities before removal and the ability of a sow to produce 40 pigs before removal.
Sum up, we can see that sow longevity can be defined in several ways and each definition has somewhat different interpretation.
FACTORS AFFECTING SOW LONGEVITY
In the scientific literature several studies determined that a better knowledge of the effects that influenced sow longevity and reproductive efficiency are important for producers managing commercial herds. As a measurement of sow longevity, the mean parity of culled females has been used in the most cases. Moreover, length of productive life in days, lifetime pigs born and/or weaned per culled females and culling rate have also been used for longevity measurements (Stein et al., 1990) .
From an economic perspective, estimates for optimal sow herd life have ranged from four to eight parities (Rodriguez-zas et al., 2006 , Abell et al., 2010 , and according to Lucia et al. (2000) and Stalder et al. (2003) , at least three litters should complete a sow before there is positive cash flow for the producer.
In last decades can be observed an excessive proportion of sows are replaced at early parities before reaching peak productivity. The reported average AgRáRTUDoMáNYI KözLEMéNYEK, 2016/70. parity number at removal is fewer than five litters, with a range from 3.1 to 4.6 (Rodriguez-zas et al., 2003, Hoge and Bates, 2011) and nearly one-third of the females that entered the herd were removed as gilts (Knauer et al., 2011) .
Rodriguez-zas et al. (2003) assuming an average of 2.35 parities per year, and that four parities are required to recuperate the investment cost, a sow must remain in the herd for approximately 600 d. The probabilities of reaching this age ranged between 0.31 and 0.48. This range suggests that most sows are likely to be culled before recuperating the investment cost. Tarres et al. (2006b) published that average length of productive life of purebred Large White sows in Switzerland (602 d) is similar to the average productive life of Landrace sows in Sweden (617 d; Yazdi et al., 2000a) and Large White×Landrace crossbred sows in France (Le Cozler et al., 1998 ), whereas Brandt et al. (1999 found a higher average length (880 d) for crossbred sows in weaner production herds in germany. This difference may be due to the different type of herd. However, Engblom et al. (2008) found a lower average length from first farrowing (579 d) for Swedish crossbred sows. In addition, Hoge and Bates (2011) described an average length of productive life for Yorkshire females 488.8 d, with a mean parity at removal of 3.5. Throughout their productive life cycle, females produced on average 34.9 pigs, with an average age at first farrowing of 366.2 d.
Genetics
Important differences in genetic lines were observed that could be translated in economic benefits, provided that sows remained in the herd for period sufficient to recover the initial investment costs. Rodriguez-zas et al. (2006) examined 8 genetic line presenting significant effect on sow longevity. Sows from the Large White × Hampshire genetic line had a 20% greater chance of being removed than sows from the Camborough 15 genetic line. In addition, based on the survival curves was shown that the Large White × Hampshire genetic lines provided the worst herd life since over 50% of sows would be removed by end of the third parity. Xue et al. (1997) also reported a significant effect of genetic line on longevity. The most extreme genetic lines differed in herd life by 158 d, or approximately one parity. The results of studies suggest that sow longevity could be improved by replacing a low-longevity genetic line with another genetic line with higher expected longevity.
Age at first farrowing
Sow's age at first farrowing show a significant effect on the risk of being culled and thus on the longevity. It was detected, that survivability increased with the precocity at first farrowing. Engblom et al. (2008) reported that sows of 14 months or older at their first farrowing had a 16% greater hazard for removal than sows that were 12 months at their first farrowing. This finding agrees with other studies which have reported that gilts that reach puberty at an earlier age and were first mated at a younger age, or that farrowed at a younger age have improved reproductive performance or longevity (Tholen et al., 1996; LeCozler et al., 1998; Yazdi et al., 2000ab; Stalder et al., 2004; Serenius and Stalder, 2007; Engblom et al., 2008; Patterson et al., 2010, Hoge and Bates, 2011; Fernandez de Sevilla et al., 2008) .
Moreover, Schukken et al. (1994) hypothesized that gilts with an inherent problem of fertility became pregnant at older ages and therefore suffered a greater risk of culling. Sterning (1996) also demonstrated that gilts that reached puberty at a later age had longer intervals from weaning to estrus and a greater risk of not coming on heat than those reaching puberty at a younger age. on the other hand, Yazdi et al. (2000b) reported an increase of death risk with heavier gilts at first insemination, which may be related to older gilts at first insemination and therefore longer ages at first farrowing. According to these results, it would be recommendable to select gilts that reach puberty earlier in order to increase overall longevity.
Parity -number of pigs
Parity was found one of the most important factor on longevity which hazard ratio increased for older parities. Engblom et al. (2008) published that compared with sows in parity 1, sows in parities 2 to 7 have a lower hazard for removal, whereas sows in parity 8 and above have a greater removal hazard. The high removal risk for first-parity sows indicates that sows that cannot cope with the production system are sorted out. The greater risk found in older parities agrees with results of Tarres et al. (2006a) . They found that the increase is moderate for the first 3 parities and stronger later, especially for the last ones: a sow with 10 parities have over 4 times greater risk of being culled than first parity sows. However, it is obvious that all sows eventually will be removed, resulting in a high removal hazard for the last parities.
Sow survivability increase with the number of piglets born, as previously reported. Engblom et al. (2008) found that sows with a litter size of 9 piglets or fewer have a 24 to 60% greater hazard for removal than those with litters of 12 to 13 piglets. Similarly, Hoge and Bates (2011) also published that sows that had more pigs born alive and fewer stillborn fetuses tend to have a decreased risk of being culled. In particular, sows that have one more pig born alive in their first litter have a decreased relative culling rate, which ranged from 1.4% to 10%. In addition, according to guo et al. (2001) study, for each additional piglet born alive per parity, a sow remained about five days longer in the nucleus herd.
Similarly, the number of weaned piglets has an important effect on longevity, reported by Tarres et al. (2006a) . They found, that the risk of culling increase as fewer piglets are weaned. If a sow in the first 3 parities wean more than 10 piglets, there is a probability between 85 and 90% that she would farrow again. As the number of weaned piglets decrease below 10 piglets, these percentages decrease from 80% to less than 50%. If no piglet is weaned, there is a very low probability that the sow would farrow again. So these percentages are lower for later parities.
The increased removal hazard for sows with a small litter found in the studies agrees with previous studies (Friendship et al., 1986; Brandt et al., 1999; Yazdi et al., 2000a) .
Reproductive cycle
Study of Engblom et al. (2008) examining the reproductive cycle of sows found that days after farrowing and days between weaning and farrowing have significant effect on sow longevity. They reported that the hazard for removal is greater 30 to 40 d after farrowing than in other periods of the reproductive cycle. The pattern of overall removal during the reproductive cycle shown that herdsmen perform most of the removals within a short period after weaning (planned culling), presumably to keep the number of nonproductive days as low as possible. other studies also have shown that most animals are removed shortly after weaning (Brandt et al., 1999) and that the risk for removal is greatest after weaning (Tarres et al., 2006a) .
Similarly, days between weaning and farrowing play an important factor in sow longevity. Engblom et al. (2008) found that intervals of 120 to 122 d between weaning and next farrowing result in a lower hazard for removal than shorter or longer intervals. They also presented that sows with a 120-to 122-d interval showed estrus, were inseminated within 5 to 7 d after weaning, and became pregnant at this first mating. However, intervals longer than 137 d, indicating at least one return to estrus, resulted in at least a 50% greater hazard for removal than that found for 120-to 122-d intervals. This high level of risk for removal is probably the effect of the batchwise production system practiced in all the herds investigated. In batchwise production, sows returning to estrus are difficult to fit into another batch, especially in herds with long intervals between batches. In a previous study of this material, return to estrus accounted for almost 20% of overall removal (Engblom et al., 2007) . Moreover, Fernandez de Sevilla et al. (2008) found that the survival curve suffer a fall at approximately 135 d after first fertile mating, coinciding with weaning date of the litter. In a similar way, Yazdi et al. (2000a) reported an increase in the risk of culling after weaning for the first 3 litters.
Farrowing month
Using the survival analysis, Engblom et al. (2008) published the impact of farrowing month on longevity. They found that compared with July, the hazard for removal is greater in January and September, but it is less in March and December. The low hazard for sow removal in December may be because the slaughter plants prioritize fattening pigs over sows during that month. Instead, these sows are slaughtered the month after, which explains the greater hazard in January.
Housing system
Related to the housing system, floor type and type of bedding are very important because they influence the animal welfare, and thus affect the production significantly (Engblom et al., 2007) . Examining the different floor type, Cameron (2012) found that a high prevalence of different leg problems (such as foot and limb disorders) may be linked for sows kept on concrete floors, with minimal or no bedding system. In other hand, Heinonen et al. (2006) reported that a high risk factor for lameness may be observed especially for slatted floors. In particular, culling due to leg problems for sows kept on slatted floor were 1.39 times higher hazard ratio than for sows kept on solid floor with straw (Balogh et al., 2015) . Similarly, Pluym et al. (2013) summarized that the group-housing of gestating sows on fully or partly slatted concrete floors without bedding is undoubtedly associated with claw problems.
The consequence of claw problems is the lameness that can affect the performance of sows and thus indirectly lead to sow removals (Anil et al., 2009) . Balogh et al. (2015) published that the hazard ratio of culling due to reproductive problems was 1.34 times higher for sows kept on slatted flooring system than kept on bedding solid floor.
A possible solution may be group-housing on deep litter based on straw, which has been reported to reduce the incidence and severity of claw lesions (gjein and Larssen, 1995; Ehlorsson et al., 2002; Kilbride et al., 2010) .
Body condition
There are several studies that examined the effect of different body condition traits on sow longevity in which the impact of backfat thickness was the most significant. The result of these studies shows a positive association between backfat thickness and sow survival (Tholen et al., 1996; Lopez-Serrano et al., 2000; Tarres et al., 2006b) , although excessive backfat thickness could impair reproductive performance and therefore increase the culling rate due to low productivity. Fernandez de Sevilla et al. (2008) published that the optimal interval of backfat thickness at the end of the growing period was between 16 and 19 mm in Duroc population. However, sows with backfat thickness of more than 19 mm showed a higher risk of culling due to low productivity. This optimal interval fits with the results reported by Tarres et al. (2006b) , although they registered backfat thickness at first farrowing. Hoge and Bates (2011) also found significant effect of backfat thickness on sow longevity. They estimated negative hazard coefficients for backfat thickness, indicated that fatter gilts within a contemporary group tended to have a decreased risk of being culled. Additionally, the estimated hazard coefficients for DY were negative, indicating that slower growing gilts within a contemporary group tended to have a decreased risk of being culled. The hazard ratios for both covariates revealed that with a 1-unit change, the risk of being culled decreased anywhere from 6.7 to 15.8%, depending on the definition of longevity.
In addition, Stalder et al. (2005) reported that females from the fattest group (≥25.0 mm) produced more piglets born alive than sows from intermediate backfat classes. These studies collectively support that increased backfat amounts in replacement gilts favor a longer, more productive herd life. Thus, in order to optimize sow longevity, backfat thickness must be monitored at the end of the growing period, avoiding values not only of less than 16 mm, but also those greater than 19 mm.
Exterior traits
The exterior traits like teat condition and leg conformation have a moderate influence on risk of culling compared with other factors when they are analysed separately, reported by Tarres et al. (2006b) . They found that the combinations of nonoptimal AgRáRTUDoMáNYI KözLEMéNYEK, 2016/70. levels for the different exterior traits considerably increased the hazard.
Examining the number of teats it was shown that the risk of culling increased as the number of good teats was reduced (Tarres et al., 2006b ). In particular, sows with 13 or less good teats had 1.347 times greater risk of being culled and a lower survival curve than sows with 14 and more good teats. Moreover, the predicted life expectancy of sows with 13 or less good teats is only 459 d, whereas for the other sows, it is close to 600 d. Fernandez de Sevilla et al. (2008) published similar results indicated that a bad teat condition increased the risk of elimination with a hazard ratio of 2.283, while they did not found significant differences between regular and good teat condition.
Similarly, survivability decreases with poor leg conformations reported by López-Serrano et al. (2000), Serenius and Stalder (2004) , and Tarrés et al. (2006b) . Fernandez de Sevilla et al. (2008) analysed specific leg defects in Duroc and Landrace sows and they stated that abnormal hoof growth impaired survival probability with a hazard ratio of close to 2. Results of Tarres et al. (2006b) also published that the extreme values of feet and leg scores are unfavourable to longevity. For example, sows with an X-o rear leg score of 2 had 1.4 times greater risk of being culled than sows with an intermediate score. Thus, their survival function is lower with an average productive life of 449 d compared with 602 d for the optimal score. In addition, they found that sows at the optimum score 4 for the size of inner claws rear leg score had 0.83 times less risk of being culled than sows with scores 2 and 3.
CONCLUSIONS
To maximize profitability of the breeding herd it is important to focus on the lifetime traits. This review provided an understanding of the factors influencing sow longevity.
Studies published focus on the economics of sow longevity and the reasons sows are removed from the breeding herds, as well as genetic, housing system, reproductive performance and other factors that contribute sow longevity. Based on these it can be suggest that traits such as parity number at removal, the total number of piglets born during a sow's lifetime and the ability to produce two or more litters are ways of selecting for longevity. In addition, a selection for conformation traits scored on gilts by utilizing phenotypic records can also contribute to a better longevity in sows.
Economical characterization of sow longevity can be used to improve the productivity, economic efficiency, and well-being of sow breeding herds.
